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Local Arterial Wall Drug Delivery from a Polymer Coated Removable 
Metallic Stent Kinetics, Distribution, and Bioactivity of Forskolin 
•Neal L. Eigler, Homas L. Lambert, Vishva Dev, Joel Kupfer, Ken Mahrer, 
James S. Forrester, •Frank Litvack, Cedars-Sinai Medical Center, Los 
Angeles, CA 

We have developed a polyurethane coated removable metallic stent which 
incorporates milligram quantities of lipophilic drugs. Forskolin was chosen 
as the model drug because it is a small nonpolar molecule that can be 
incorporated into the coating and has antiplatelet and vasodilator properties. 
Our goal was to evaluate the kinetics, distribution, and bioactivity of local 
arterial delivery of forskolin. Stents (n=15) were deployed in the rabbit 
carotid for up to 24 hours. The quantity of forskolin bound to the stent 
decreased exponentially from 1580+550 mg initially to 75+6 mg at 24 hours 
(half-life of 5.8 hours). Blood concentrations peaked at 140±39 pgAiL at 4 
hours and remained elevated at 68+18 pg/uL at 24 hours. The arterial flux 
of forskolin, initially 6.9+1.9 ug/biin decreased exponentially with a half-life 
of 12 hours. The adjacent arterial media contained 60+39 ng/mg which was 
380 and 460 times greater than the contralateral carotid media and the 
blood, respectively (p<0.0001). Media forskolin concentrations declined over 
time with a tissue half-life of 5.0 hours. Drug distributed throughout the 
vessel wall with a decreasing gradient in the radial and axial dimensions, 
consistent with a diffusion process. Removal of the stent was associated with 
a 100-fold decline in media forskolin concentration within 2 hours. Forskolin 
release was associated with a sustained 74% increase in carotid flow ai d a 
56% decrease in resistance (p<0.01). In another set of rabbits (n=* 14) using 
a carotid crush injury, low flow model, forskolin prolonged the time to flow 
variation and occlusion by 12x compared to bare metal stents and 5x 
compared to polyurethane coated stents (p<0.0001). Conclusions: A 
polymer coated stent can deliver forskolin to the arterial wall in high 
concentrations relative to the blood or other tissues. Local tissue and b) x>d 
kinetics can be modeled as a simple diffusion process- Tissue forskolin levels 
are proportional to the drug remaining on the stent and are dependent on 
maintaining stent to tissue drug gradients. The delivered drug is biologically 
active demonstrating vasodilating and antiplatelet properties. 
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Local Delivery of Heparin with a PTCA Infusion Balloon Inhibits 
Platelet-dependent Thrombosis 

Clifford N. Thomas/James J. Barry, Spencer B. King m, Neal A. 
Scott Division of Cardiology, Emory University Medical School, 
Atlanta, GA 

Thrombosis is a major component of acute coronary syndromes and 
is associated with acute closure during PTCA. To assess the 
feasibility of local heparin delivery during PTCA, we compared the 
efficacy of systemic heparin administration and local delivery of 
heparin using a specially-designed PTCA balloon catheter with 
intramural channels for site-specific drug delivery. Thrombogenic 
Daoon graft segments were inserted into chronic arteriovenous 
shunts in pigs. Autologous platelets were labeled with 111 Indium. 
Platelet deposition was quantitated with gamma camera imaging 
over a two hour period. The Dacron graft was exposed to flowing 
blood for 15 minutes in order to allow for mural thrombus 
formation. The infusion balloon was then deployed at the site of the 
thrombus, and heparin was infused over a five minute period. The 
balloon was then deflated and removed, and flow was re- 
established. 
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A Window* Software Applanation to 
Useful Tool lo Laboratory and Ncei nxraetve 

•Marcelo R. Risk, Ricardo L. Annentano, Jo 
Ricanla U. Pichel, from die Teaching tod 
Ftemrtariori. Buenos Airee, Argentina. 

To fully rtm^™«* the cudjovwoUr ryuern it is necessary to know is detail 
the dynamic behavior of the hydraulic load. Toe pmpose of mi* woxt was to 
assess the parameters that characterize the arterial biodyoamics obtained boo 
from animal investigation (invasive) tod penxms (non invasive) amdkd is 
efinical centers of merit! hypertension. To mis aim t software written m C+ + 
for Windows enabling off tine vumalixation and analysis of previously acquired 
signals was developed. 

This software was designed to read ASCII file format to avoid upnmpsdbiliry 
with the acurasiuoe system, and H was divided into four blocks: 1) 
Idennficadcm, tveraging and svamatkm of hemodynamic signals of sstrrial 
preasore and diameter (beat to beat analysis) showing hwranianwa a taaporal 
tracings and pressure-diameter loops, and ct i cul s nVsi of purely elastic pressure- 
diatneter rdadoosfaip by ctlminanon of the hysteresis loop enabling calculus of 
laobarktiterisJoonmlianceby 

arterial wall. 2) Visuabaaoon of blood flow velocity obtained step by step at 
different depth into the arterial hamea, showing blood flow velocity profiles, the 
dme variation of the velocity profile (obtained from t poised Doppler <kvkt ) 
daring the cardiac cycle, aod the theoretical recornanicrion of blood How 
velocity ■ssnming several models. 3) Cakalaoon of arterial blood flow (from 
arterial diameter and cross sectional blood flow velocity) and analysis of arterial 
preasore and blood flow waveforms, showing beat to beat and averaged 
spectrum of srterial unpedauce, 4) Obteoson and visualization of forward and 
hackward waves of srterial pressure and flow from its original signals. In tfl 
aaq printin g output of gsaphfca and data, as well as A5CD files of output dau 
oomparible with standard wftwair, are enabled at any m o m r rS 
In conclusion, this software allows immediate analysis after bask and clinical 
research studies, independently of the signal aoorces. and taking into account 
elabor a te d mathnnirical models, therefore oonsn taring a useful tool for die 
ixaeipreuuion of the dynaxxbc of the artcriiJ behavior. 
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Loeml Arterial Wall Drug Delivery from a Polymer Coated RemovabU 
Metallic Stent Kiartiee, Wstrfbetaon, and Bfc»ctMty of Forakollu 
•Neal L. EigJcr, Thomas L. Lambert, Vtshva Dev. Joel Kupfer, Ken Mahrer, 
James & Forrester, -Frank Utvack, CedarvSinai Medical Center, Los 
Angeles, CA 

We have developed a polyurethape coated removable metallic stent which 
incorporate tnifligram quantities of lipophilic drugs. ForskoUn was chosen 
as the model drug becanse it Is a small noopolar molecule that can be 
incorporated into the coaling and has antiplatelet and vasodilator properties. 
Our goal was to evaluate the kinetics, distribution, and Woactrvity of local 
arterial delivery of forskoUn. Stents (a- 15) were deployed in the rabbit 
carotid for up to 24 noun, The quantity of forakolin bound In the steal 
decreased eaponeutiaDy from 1580+550 mg inilialry to 75±6 mg st 24 hours 
(hall -life of 5-8 hours). Blood concentrations peaked at 140+39 pgmL art 
hours and remained elevated at 68+18 pgAiL at 24 hours. The arterial flux 
of foTskofin, initially 6.9+1.9 ug/min decreased exponenliaUywilh a balf-life 
of 1-2 hours. The adjacent arterial media contained 60+39 o|/mg which was 
380 and 460 limes greater than the contralateral carotid media and the 
blood, rea>ectryely(p<0.000l).Mediaforskou^ 

time with a tissue half-life of 5.0 hours. Drug distributed throughout the 
vessel waD with t deereasini gradient In the radial and axial dimensions, 
consistent with * ditfusioe process. Removal of the stent was associated with 
a 100-fold decline in media forskoUn concentration within 2 hours. Fortkohn 
release was associated with a sustained 74% increase in carotid flow ai d a 
56% decrease in resistance (p<0.01 ). In another set or rabbits (n=U) using 
i carotid crush injury, low flow model, forskoUn prolonged the tune to flow 
variation end occlusion by 12x compared to bare metal stents and 5s 
compared to poryurethane coaled stents (p<0.0001). Conditions: A 
polymer coaled stent can deliver fortkolin to the arterial wall ut high 
coiiccntreiionsreUlive to the blood or other tissues. Local tissue and blx>d 
kinetics can be modeled as a simple diffusion process. Tissue forskobn levels 
are proportional to the drug raining on the stent and are dependent on 
maintaining stent to tissue drug gradients. The delivered drug is mologtcuy 
active demonstrating vasodilating and antiplatelet properties. 
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Local Deiivety ee" Heparin with, a PTCA Ufmakm Balloon Inhibit* 
PUt*W^Up«odeni T*iWx"i« 

Oiflord N- TW-.-Jame. J. Barry, Spencer B. King ffl, NealA. 
Scott. Div»an of Cardiology. Emory Urdvemty M^llcal 5chool 

Atlanta. CA 

TWrx^w.inaJorcoearx^ 

at aacodstrrl with acute doaux* during PTCA. To a»a«* U" 
f^sabihry of local heparin delivery during PTCA, we compared the 
atfewey of eyrtexnic heparin adanisdatiatiori and local delivery of 
r\eparin nairiTapeciauy^^ PTCA balloon 
injure! cKeonel. for aite^pacific drug delivery. Tnxtmabc^rac 
Deoon eraft aegmenta were isweated into chronic trtertovenout 
an^to^^toiogooa pUtelet. ware labeled with "^Indium. 
Platelet deposition was quanriUted with gamma camera imaging 
— a two ho** period. The Dacron graft was exposed to flowing 
for 15 minutes in order to aDow for mural thrombus 
LThe foresaw balloon was than deployed at the rite of the 
\ over a five minute period. The 
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Heparin (500 U) 1.4 + 0.4* 
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Local delivery of 500 U of heparin provided significantly more 
inhibition of platelet deposition than the 3000U sys*mnk ^-W* 
conclude that local delivery of heparin with a epec^-demgned 
hunsion balloon catheter irdubita thrornboeia -t doaee that are et least 
several fold leas than the done of rwparfo mv« ayrtwnJcaUy. 



ISSN 0735-1097 FEBRUARY 1994 



' > Uaiv. of Minn. 
Bio-Medical 
Library 




Issue 



02 22 94 



Journal of the 



American College 

of 

Cardiology 



PROGRAM AND 
ABSTRACTS OF ORIGINAL CONTRIBUTIONS 
43rd Annual Scientific Session 
American College of Cardiology 
Atlanta, Georgia, March 13-17, 1994 




Elsevier 



V 



THIS PAGE BLANK (PSFTO 



rv. lS PAGE BLANKS 



t^SPAGE 



